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Preparation Method of Silver Contaming Textile 
Area of invention 

This invention relates to apphcations of solutions H4Ag206, specifically, relates 
to its application in the manufacturix'jg of silver containing antimicrobial textiles. This 
invention also relates to a simplified method of malcing of silver containing antimicrobial 
textiles. 

Background 

Silver containing textiles processing antimicrobial activities are well known 
pi-oducts among current technologies. There are many methods of making silver 
containing textiles. However, most of these methods involve the reduction of silver 
nitrate to silver, followed by the oxidation of the reduced silver to silver oxide. For 
example, CN1034090C disclosed a manufacturing method of a long lasting, broad- 
spectrum antimicrobial textiles. This method involves dissolving silver nitrate in aqueous 
ammonia to obtain [Ag(NH3)2]-f, reducing [Ag(NH3)2]->- to silver and fixing ii on 
textiles, then oxidizing the silver containing textile to obtain silver containing 
antimicrobial textiles. 

CN 1395828A (Liu) disclosed an in situ quick assembling method for nano silver 
antimicrobial particles. It used direct spraying or painting of silver nitrate onto the surface 
of textiles, followed by reducing or light exposure treatment to obtain antimicrobial silver 
containing textiles. 

US6436420B1 disclosed a manufacturing method of silver containing textiles. In 
tliis method, textiles were soaked in aqueous solution containing dissolved silver nitrate. 
Textiles were taken out, then soaked in warm aqueous solution containing sodium 
hydroxide and sodium persulfate. Tlie solution was heated to 95-100 C to obtain silver 
containing textiles. Tlie method involves two soaking processes, in the first soaking, 
silver ions 0) wei*e soaked between fibers or precipitated on the fibers; in the second 
soaking, Ag(l) was oxidized to silver peroxide (Ag404). The textiles contained silver 
peroxide and therefore possesses antimicrobial activities. 

CN1214867A which has been licensed to the applicant of this invention disclosed 
a manufacturing method for silver containing bactericide. In involved the following steps: 
1. Distilled water was added oxide(s) of silver; 

IL After stirring for 15-60 min, concentrated acid was added drop wise, til) the pH value 
reached 2-3.5; 

in. Tlie solution was clarified for at least 2 hours, and the clarified solution was decanted; 
IV. Hydrogen peroxide was added to the precipitate to obtain bactericidal agents 
containing H4Ag206. Othei- than commonly used silver nitrate, this method used oxides 
of silver, such as silver oxide or silver peroxide. Tlierefore, it avoided the step of 
reducing silver ions to silver. 

Body of invention 

This invention is based on the application of the bactericide obtained througli 
CN1214867A. This invention used H4Ag206 containing bactericide to prepare silver 
containing textiles, greatly simplified the process, resulting in savings of manufacturing 
cost. Therefore, one purpose of this invention is to provide applications of H4Ag206 
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containing bactericide. More specifically, the puipose of this invention is to provide a 
simplified manufacturing method of silver containing antimicrobial textiles. This method 
eliminated a serious of disadvantages associated with high temperature oxidation and 
reduced cost by saving energy. 

In sununary, this invention provided a manufactiuHng method for silver containing 
textiles. The method involved the following steps: 

1. preparing solutions containing H4Ag206; 

2. soaking, raising, spraying, or coating so obtained H4Ag206 solutions on textiles; 
then 

3. trying the wet textiles. 

Implementation of the invention 

This invention involves applications of solutions of high valence silver ions. The 
high valence silver ion solution in this invention is that of H4Ag206, where silver ion is 
plus for valence. One method of preparing such solutions was disclosed in CNl 2 14867A. 
The method used oxides of silver, such as siivci* oxide or silver peroxide as starting 
materialSi adding hydrogen peroxide into acidic medium to obtain the solution. Total 
silver ion content in the solution is 1-5000 ppm. High valence silver ion solutions can 
also be obtained by ditisolving silver oxide in persulfate salts. The total silver ion content 
in so obtained solution is 1-500 ppm. Such method was disclosed in CNl 1 49389A. Higli 
silver ion solution obtained from either of these to methods can be used in this invention. 

This invention related to a manufacturing method for silver containing textiles. 
The invention involved the following steps: 

1 . preparing solutions containing H4Ag206; 

2. soaking, raising, spraying, or coating so obtained H4Ag206 solutions on textiles- 
then 

3. drying the wet textiles. 

Textiles suitable for this invention include natural textile and synthetic textiles. Suitable 
natural textiles may be cotton, linen, wool, and silk. Preferred textiles are cotton, such as 
gauze, yarn, cotton nonwowen, etc. Suitable synthetic textiles arc synthetic fibers, i.e. 
man made fibers, including but not limiting polyester, nylon, poly ethylene, and cellulous 
acetate, etc. The textile can be a single material, or mixtures of them. The textile can be 
in any of the forms of finished materials, fibers, yarns, or punctured membranes. 

In this invention, textiles were soaked, raised, sprayed, or coated with H4Ag206 
solutions using routing processes in the filed. The wet textiles were then dried. Time 
needed to soak, raise, spray, or coal textiles depended on the type of the textiles. For 
instance, when cotton nonwowen which had good water absorbency was used, the 
soaking time could be as short as one second; when synthetic fibers with poor absorbency 
such as rayon was used, the soaking time needed to be longer and may be longer than 30 
seconds. Drying methods may be routine methods of the field. Drying was usually done 
at 50-250 C. Sunliglit or UV irradiation may also be used. 

The mediod invented here could control silver content on the textile, via 
controlling silver ion concentration in the high valence silver ion solutions. Silver 
content of textiles made with the invented method could be as high as 120 ug/cm2. Silver 
content was also determined by the type of the textile. For example, it depended on the 
tightness of the textile, or whether it was natuural of synthetic textile. 
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Examples 

The invention is flirther illustrated by the following examples* 
Example 1 

H4Ag206 solution was made according to the method from CN12214867A so 
that silver ion concentration in the obtained solution was 1000 ppm. A piece of cotton 
nonwowen (38g/m2) was soaked in the solution for 5 min at room temperature then taken 
out. The silver containing cotton was dried at SO C. Silver content was determined to be 
36.5 ug/cm2. 
Example 2 

Silver containing cotton nonwowen was made with the same process as in 
example I. The concentration of H4Ag206 solution was 3000 ppm. Silver content was 
determined to be 7S.8 ug/cm2. 
Example 3 

Silver containing cotton nonwowen was made with the same process as in 
example 1 . The concentration of H4Ag206 solution was 4000 ppm. Silver content was 
determined to be 86.8 ug/cm2. 
Example 4 

H4Ag206 solution was made according to the metliod from CNl 149389A so that 
silver ion concentration in the obtained solution was 500 ppm. A piece of cotton 
nonwowen was soaked in the solution for 30 seconds at room temperature then taken out. 
The silver containing cotton was dried at 50 C. Silver content was determined to be 16.7 
ug/cni2. 
Example 5 

H4Ag206 solution was made according to the method trom CNl 149389A so that 
silver ion concentration in the obtained solution was 500 ppm. A piece of cotton 
nonwowen was raised in the solution for 1 min at room temperature then taken out. The 
silver containing cotton was dried at 50 C. Silver content was determined to be 17.0 
ug/cm2. 
Example 6 

H4Ag206 solution was made according to the method from CNl 149389A so that 
silver ion concentration in the obtained solution was 500 ppm. A piece of cotton 
nonwowen was raised in the solution for 5 min at room temperature then taken out. The 
silver containing cotton was dried at 50 C. Silver content was determined to be 1 7.6 
ug/cm2. 
Example 7-9 

Silver containing cotton nonwowen was made with the same process as in 
example 4. The concentration of H4Ag206 solution was 50 ppm. The soaking time was 
30 sc, I min, ai^d 5 min, respectively. Silver content was determined to be 4.8, 5. 1 , and 
5.5 ug/cm2, respectively. 
Example 10-11 

Silver containing cotton nonwowen was made with the same process as in 
example 1. The concentration of H4Ag206 solution was 20 ppm. The soaking time was 1 
min and 5 min, respectively. Silver content was determined to be 2.3 and 2.6 ug/cm2, 
respectively. 
Example 12 
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H4Ag206 solution was made according to the method from CNl 1 493 89 A so that 
silver ion concentration in the obtained solution was 500 ppm. A piece of rayon 
nonwowen was soaked in tiie solution for 1 min at room temperature then taken out. 
After squeezing, it was dried at 170 C to obtain the silver containing rayon nonwowen 
Silver content was 1 8.2 ug/cm2. 
Example 13 

Same as example 5(?) except the rayon nonwowen was replaced with rayon/PET 
nonwowen. Silver content of the silver containing blend nonwowen was 18.2 ug/cm2. 
Example 14 

Same as example 5(?) except die cotton nonwowen was replaced with gauze. 
Silver content of die silver containing gauze was 8,5 ug/cm2 
Example 15 

Same as example 5, A piece of cotton nonwowen was soaked tor 1 min in the 
solution and taken out. After squeezing, it was irradiated yj^ith light for 4 hr. Tlie silver 
content was )6.1 ug/cm2. 

Example 

'^Bacterial retarding rate" test was carried out using samples trom example 1-12 
and a control, according AATCC test method 100-1999, Bacteria used were 
staphylococcus. The rate was calculated with tlie formula 

Bacterial retarding rate = [(C-A)/C]X100% 
Where A was the bacteria count on silver containing samples after inoculation and 24 hr 
incubation; C was the bacteria count on the control sample at time zero after inoculation. 

After 24 hr incubation, bacteria count on inoculated cotton control sample was 4.5 
xlO*, while the count was 6.8 x lO' at time zero after inoculation. Tabic one lists the test 
results. 



Sample 


Solution 

concentration(ppm) 


Soaking 
time 


Bacteria 
count 


24 hr Retarding 
rate (%) 


Cotton control at 
time zero 






6.8 X 10' 




Cotton control after 
24 hr incubation 






4.5 xlO" 




Example 1 


1000 


5 min 


36000 


99,5 


Example 2 


3000 


5 min 


8000 


99.99 


Example 3 


4000 


5 min 


346000 


99.49 


Example 4 
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30 sc 


1420000 


97,91 


Example 5 
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1 min 


60000 


99.91 


Example 6 
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5 min 
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100 


Example 7 
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30 sc 


110000 


99.84 
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1 min 


686000 


98.99 


Example 9 


50 


5 min 


0 


100 


Example 10 


20 


1 min 


4000 


>99.99 
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20 


5 min 


22000 


99.97 


Example 12 


500 


1 min 


97000 


99.65 


Example 13 
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1 min 


4000 


99.99 
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Example 14 


500 


1 min 


4000 


99.99 


Example IS 


500 


1 min 


4000 


99.99 



The above results demonstrated silver containing antimicrobial textile made with the 
method from this invention had good actiniicrobial properties. There for in conclusion, 
the invented method can produce silver containing antimicrobial textiles. 



Claims: 

1 . Applications of H4Ag206 solution in the manufacturing of silver containing 
antimicrobial textile. 

2. Applications as described in claim I , where said textile is knitted, weaved, 
nonwowen, yarns, or punctured membranes, 

3. Applications as described in claim 1 , where said textile are natural, synthetic, or 
the mixtures of them, 

4. Applications as described in claim 3(??), where said natural textile are cotton, 
wool, linen, silk or die mixtures of them; where said synthetic textile include 
polyester, nylon, poly ctliylene, and cellulose acetate or mixtures of them. 

5. Applications as described in claim 1 , where said textile is cotton nowowen. 

6. Applications as described in claim 1, where said textile is gau^e. 

7. Applications as described in claim 1, where said textile are yams. 

8. Applications as described in claim 1 , where said textile is punctured membrane. 

9. A manufacturing metiiod for silver containing textile. The mediod includes; 

a. Preparing solutions containing H4Ag206; 

b. Soaking, showering, spraying, or coating textile with obtained H4Ag206 
solutions, and 

c. Drying the said textile. 

10. The method as described in claim 8(shouId be 9), where concentrations of said 
H4Ag206 solutions are i-5000 ppm. 

1 1 . The method as described in claim 8, where the drying temperature is 50-250C, 
trying time is 2-30 min. 

12. The method as described in claim 8, where they trying may be done with sunliglnl 
or U V. 

13. The method as described in claim 8, where said textile is knitted, weaved, 
nonwowen, yarns, or punctured membranes, 

14. The method as described in claim 8, where said textile are natural, synthetic, or 
the mixtures of them. 

15. The method as described in clajm 13 (8? Typo?), where said natural textile are 
cotton, wool, linen, silk or the mixtures of them; where said synthetic textile 
include polyester, nylon, poly ethylene^ and cellulose acetate or mixtures of them. 

16. The method as described in claim 8, where said textile is cotton nowowen. 

17. The method as described in claim 8, where said textile is gauze. 

18. The method as described in claim 8, where said textile are yams. 

19. The method as described in. claim 8, where said textile are punctured membranes. 

20. A textile made with the method as described in claim 8. 
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